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F ACTORS AFFECTING THE DEPTH OF SOWING 
V ARIOUS CROPS 
By 
F. S. HARRIS and H. J. MAl:GHAN* 
INTRODUCTION 
Probably no agricultural practice varies more than the depth 
to which seeds are sown. Some farmers pay very little attention 
to depth, but simply allow the seed to be placed where the drill 
happens to penetrate. The percentage germination of the seed as 
well as the vigor of the young plants is wthout doubt influenced 
by the depth of sowing, and certainly these factors are very im-
portant in determinin~ the yield of crops. 
Long experience has shown th3.t no single depth is best for all 
crops or for any given crop in all soils. Nor can a definite depth 
be fixed for a given soil and crop, as the moisture in the soil and 
probably other factors will help to determine the best depth of 
seeding. It seems very desirable, therefore, to learn how these 
various factors are interrelated. 
The present paper. reports studies on the effect of the per-
centage of soil moisture on the best depth to plant various crops. 
This was determined by making counts and measurements at 5-, 
10-,15-, and 20-day periods from the time of planting. The num-
ber of seeds germinated, the length of roots, the length of tops, 
and the height of plants above ground were obtained on each of 
these 5-day periods. 
The germination of seed~ cited in the following literature re-
view r'3fers to the plants appearing above the soil. Germination 
in the report of the experimental work in this paper, however, 
refers to the seeds sprouted in the soil. 
*The authors wish to acknowledge their indebtedness to Mr. Grover 
Clyde for faithful assistance in laboratory work connected with these 
studies and to Mr. N. 1. Butt for checking calculations. 
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REVIEW OF THE LITERATURE 
The effect of the depth of sowing on the germination and yield 
of field crops has been investigated by many workers under a 
great variety of conditions. A summary of some results with 
wheat is given in Table 1. 
Table 1. Summary of experiments with depth of sowing wheat made 
by various workers. 
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*Numbers refer to paper similarly designated in "Literature Cited." 
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Morrow and Gardner (13) * from six years' data on the depth 
of sowing oats showed that the yield decreased as the depth 
increased from 1 to 6 inches. Crozier (3), from sowing oats in 
sand, loam, and clay, obtained the best germination at 1 to 2, 
1/2 to 2, and Ij2 to 2 inches, 
respectively. This work is 
~....:....----,---=.:::...:...:.......:..:..::.:..::.:..=..:....=--.----t confirmed by the yields from 
field tests of Hays (7), Gris-
dale et al. (4), and Saunders 
et al. (17). Perkins and Spaf-
t I=!!!!!!:::::!!!!"!!'!=!!!!!!~~~~:::!!!!:::::!!!!!!!==:!!!!!!!::::f ford (15) found the highest ~J ~ cH----~=.:....;..;.:.=..::..:.....::.----f germination of oats in a sandy 
~ 1 soil at a depth of I 1f2 to 2lj2 
~ inches, while in a heavy clay 
5 ' ~ loam the best depth was 1112 to 
~ 2 inches. 
Hickman (8) " co~chided 
that 1 inch was deep' enough 
to plant corn. except during 
dry years. Morrow and Gard-
ner (13) found 1 inch to give 
Fig, 1. Graph showing t h e :uer cent- the largest yield of corn as a 
age of moisture in s oils in wh ich 
seeds wer e planted . result of 5 years' experi-
ments. Crozier (Q) reports 
the best depth for the germination oi corn as 4 inches in sand, Ij2 
to 1 inch in loam, and 1 to 2 inches in clay. 
Working with barley, Hays (6) found the best yield during a 
dry summer came from a 3lj2-inch seeding. The results of 
Saunders et al. (17) and of Perkins and Spafford (15), however, 
show that a 2-inch sowing is sufficient under normal conditions. 
Crozier (8) reports the best germination of barley when planted 
from Ij2 to 1 inch deep in soil, but the favorable results from this 
shallow depth may be due to the fact that the seeds were watered , 
every alternate day. 
The work of Corbett (2), Crozier (3), Halsted (6), and Per-
kins and Spafford (15) shows 'that , both the optimum and maxi-
mum depths for planting peas are greater than for the cereals. 
As a result of one year!s test on sandy soil, Perkins and Spaf-
ford (15) found little difference in germination when beans were 
planted from 1/2 to 6 inches deep. Halsted (5, 6), however, re-
ports the best yields from shallow sowings. 
*Numbers in pa r entheses r efer to " Literature Cited. " 
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As an average of 4 years' work the largest yield frOlTI ugar 
beets was shown by Zavitz (22) to be from seed sown 112 to 1 inch 
deep. 
In Australia, Perkins and Spafford (15) showed that during a 
dry year sorghum grown on sandy soil gave the best germination 
at 1112 to 2 1;2 ' inches, but during a favorable year the optimum 
depth was 1 inch. The average of their results on sand and clay 
soils for 2 years shows little difference in the germination of 
sorghum from the I-inch to- the 3112-inch seedings. 
The germination tests of Crozier, (3), which are supported by 
the field tests of Perkins and Spafford (15), show that more care 
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Fig. 2. Graph showing the average percentage germination of seeds 
with various soil moistures when planted at different depths. 
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must be taken when planting on a clay soil than with a sandy or 
loam soil. A large variation from the optimum depth does not 
have as deleterious an effect with a sandy oil as with a clay oil. 
WHEAT 
LOW MOiSTURE 
: p rN IN!;N 2 ". INCHt .5 INCHES h INCHES INrflrlf ~ 
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f all 
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.1.z40 
"20 
4<)0 
Fig. 3. Graph showing the effect of various soil moistures and depths 
of planting on the growth of roots and tops of wheat, determine d. 5, 10, 15, 
and 20 days after planting. 
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OUTLINE OP THE PRE~ENT EXPE RDIEXT 
The experiment herein reported was so arranged that the ef-
fect of depth of seeding could be observed on the germination 
and growth of the seeds. The seed was sown in galvanized iron 
cans 12 inches in diameter and 12 inches deep. Ten seeds were 
sown in the soil of each can at each of the first 8 inches. A loam 
soil from the Greenville farm of the Utah Agricultural Exper i-
ment Station* was used in these tests. The water-holding 
capacity of this soil was about 30 peT cEnt on a dry basis. Part 
of the cans were maintained at a low soil moisture content, part 
at a medium, and part at a high content, as shown in Figure l. 
Four cans of soil for each moisture treatment were provided, 
OATS 
LOW MOISTURE 
H 
• Tops ~ Roots 
Fig. 4. Graph showing the effect of various soil moistures and depths 
of planting on the growth of roots and tops of oats, determined 5, 10, 15, 
and 20 days after planting. 
*This soil is described by the senior author in . S. Dept. Agr. Journa l 
Agr. Research, V. 5, No.1, p. 14, 1915. 
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so that data could be obtained in 5, 10, 15, and 20 days from seed-
ing. These data were determined for each of the following crops: 
New Zealand wheat (Triticum sativum). 
Danish oats (Avena sati va). 
Australian white flint corn (Z ea mays). 
Beardless barley (Hor deum vu lgare ). 
Common alfalfa (M ecli cago sativa). 
Canadian field peas (Pi sum ar v ense). 
White wax beans (Phaseolus sp .). 
Sugar beets (Beta vulgar is). 
Feterita or sorghum (Sor ghum vu lgare ). 
CORN 
LOW MOISTURE: 
I\Y i I1G 
~ IU _ ~ _., ' ., 
~ 30 
SURfACE 
• Top s ~ -R oots 
1/10 
111 
. 'UI 
10/} 
Fig. 5. Graph showing the effect of various soil moistures and' depths 
of planting on the growt h of roots and tops of corn, determined 5, 10 , 1 5, 
and 20 days after plan ting, 
DIS USSION OF RESULTS 
Germination of Seed 
The percentages of the seeds of the various crops that germ-
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i.nated at different depths in the soil with the 3 moisture treat-
ments are shown in Figure 2. The depth of sowing had no appre-
ciable effect on the germination of oats, but with beans 1 to 3 
inches gave the highest germination. All other crops germin-
ated best when the seeds were planted 3 to 6 inches deep. This 
was most clearly shown with alfalfa, sugar beets, and sorghum, 
while with the other crops this depth was not so favorable. In 
general the depth of sowing had more effect on the germination 
of small seeds than on large ones. 
BARLEY 
LOW MO'ISTURE 
• Top.s ~ Root.s 
Fig. 6. Graph showing the effect of various soil moistures a nd depths 
of planting on the growth of roots and tops of barley, dete rmined 5, 10 , 15, 
and 20 days after planting. . 
The best germination of beans sown in a soil with a low mois-
ture content occurred 2 inches deeper than the best with high 
moisture. With most crops, however, the depth of optimum 
germination was about the same regardless of soil moisture. 
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Growth of Plants 
The data on plant growth are presented in nine figures so that 
both the depth of seeding and the growth of the plants are shown 
graphically. It is necessary for a proper understanding of the 
figures to observe carefully the position of the surface of the soil 
indicated by the heavy black line marked "surface." 
Figure 3 brings out the development of the wheat seedlings 
at various depths with 3 moisture treatments for 10, 15 and 20 
days' growth Planting below 5 inches had an unfavorable effect 
ALFALFA 
LOW MOISTURE 
()[p"rH INCH INCHES oJ INCHES 4 IN HE9 S INCHES N H I Htts 0 INLHt l:i 
~9 I ~OSI ~zo w~zo '~~W~IO~O~I ~ ~ '~W5' ~W 
80 80 
5mFM:[ Ii.. _ 
MEDIUM MO/STl RE 
80 
• Tops ~ Roots 
Fig. 7. Graph showing the effect of various soil moistures and depths 
of planting on the growth of roots and tops of a lfa lfa, determined 5, 10, 
15, and 20 days after plantin g . 
on both the length of the roots and the height of the plants. The 
well-developed root system of the plants from the shallow-sown 
seeds was no doubt an important factor in giving them a better 
start than those sown deeper. The ratio of roots to tops usually 
decreased as the soil moisture increased, this being most apparent 
with a high soil saturation, not only for this but for all crops. 
The results with oats and corn are shown by Figures 4 and 5 
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to be quite similar to those for wheat except that the depth had 
less effect on the total height of the plants, although the height 
above ground tends to decrease about as indicated by other 
workers. 
The growth curves of barley shown in Figure 6 agree with the 
work of Perkins and Spafford (15) in pointing out that barley 
PEAS 
. LOW MOISTURE 
160 
80 
_1.1 .II /~~ 
. _ ..__ . _____________ ____ __ ____ ___ ___ _____ ____ _____ __ ________ ~m~ !l40 
20 
• Tops ~ Roots 
Fig_ 8. Graph showing the effect of various soil moistures and depths 
of planting on the growth of roots and tops of peas, determined 5, 10 , 15 , 
and 20 days after planting. 
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should net be sown deeper than 2 to 3 inches in soil with low and 
medium and 1 inch in soil with high moisture content. The 
growth of tops was a little better for lower depths with high than 
with low moisture. 
Figure 7 shows the growth of alfalfa to be quite irregular. 
"Damping off" was the primary cause for this variation and it 
was most evident with high moisture. It is shown, however, that 
in soils containing low or medium moisture the best growth was 
with shallow-sown seeds. 
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.,i .2'!( [.ziO j ;0. . .....  _ .. _ ..... _  ._ .... _ .. _._ .... _._ .... _ ._ .. __ ....  . -.·. _· ___ · 1100 
..,."" .1. 
M! ~--= ~~ .... hII!r+-.-I--••• -•• +--+-----l--+--+-'o--l 
7 '.0 El [j [1 u · • .11 .• iM ~ ~: .... _ .. ... ............... _ .._ .. .. ~... _ .~Dl __ . ... !'L . . .. _lj '" . . __ ~ 
~~ . . ~ 
? Me ruM 1sT IRE t 
~ z.. . , . ~'<I 
:: .... ·- I ······--· I -~·-·:; -.. -- .. ~ ......... ~ ....... -.. _ .. _._ ...... ... ~: 
.~ 10 • ., 111 "'!11 II. _. _.1 I ,. _I OD. 
; :: • --- ~ .. ... _ ... ~ . . - ... ~I ...••.•..... _ .. •...•...•.. _. ~_ • • ~ . • . . ~ r4~: 
~4« 
? ~~-~-,Hrl,G~;IHT..mM"~~,mnU(~~~-~~ 
~~ ~~ 
~ :; ._ ....................... _ .._ .._ ...... _ ..__ .. ' --.. . -...... _ .. - ............ _ ....... 1-''' 
-~: I~ I "r-:-' I~"""""". ,. 1 /6<> 1Ulalillii!~~~!li~~,-U .• 1 "" 
" 1~ _ ....•........ __ ........•.... .... _. _ • ..• _ .... .• . . _ "':.fil.tli _.. '0 _ . • -tlm . 4(1 
~u _ 
o ~ ~ 
• Tops ~ RcoT$ 
Fig. 9. Graph showing the effect of various soil moistures and depths 
of planting on the growth of roots and tops of beans, determined 5, 10, 15, 
and 20 days after planting. 
An examination of the growth of peas in Figure 8 shows some 
interesting relations between the depth of planting and the ratio 
of roots to tops. There was a . much larger growth of roots as 
well as a larger ratio of roots to tops when the seeds were sown 
shallow. The deeper the seeds were sown the larger the amount 
of stored food used up before the plant is able to meet its needs 
by photosynthesis. This is probably the main reason that shal-
low-sown seeds usually come up better and give the comparatively 
larger yields indicated in the review of the literature. The op-
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timum depth for the growth of peas was deeper than for the 
other crops, but the depth seemed to have less effect with peas. 
Figure 9 shows that although the growth of the beans was 
not as rapid as that of the peas, the same rule applies regarding 
the proportion of roots and tops. 
From a study of Figure 10 it is noted that increased depth of 
planting decreased the growth of sugar beets. The results for 15 
~nd 20 days were considerably modified by the plants damping-off. 
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Fig. 10. Graph showing the effect of various soil moistures and depths 
of planting on the growth of roots and tops of sugar beets, determined 5, 
10 , 15, and 20 days after planting. 
Figure 11 shows that the growth of sorghum was most rapid 
with a low soil moisture. It is also clear that the proportion of 
roots to tops varies inversely with the depth. Because of fungus 
growth a high soil moisture was fatal to most of the seedlings. 
The greatest average height of the plants above ground with 
the different moistures is shown in Figure 12. The best growth 
of plants above ground usually occurred with sowing 1 inch deep, 
but with peas and sugar beets the 2-inch, and with barley the 
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3-inch; sowing produced the best growth. 
Wheat, oats, corn, and peas appeared above the soil in 20 days 
for all the depths used. The maximum depths from which the 
other crops reached the , surface, however, were: barley and 
beans, 5 inches; feterita, 3 inches; and alfaifa and sugar beets, 
2 inches. This shows that the smaller seeds failed to appear in 
20 days when sown more than 3 inches deep. 
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Fig. 11. Graph showing the effect of various soil moist u res and d epths 
of planting on the growth of roots and tops of sorghum, de t ermined 5, 10, 
15 , and 20 days after planting. 
SUMMARY 
1. The proper depth for sowing seeds is an important factor 
in determining the yield of crops. 
2. A review of the literature shows that the largest number 
of plants to emerge and the largest yields were usually obtained 
from sowing 1 to 2 inches deep. 
3. Figures and tables containing the results from 17,280 de-
terminations are presented to show the effect of the depth of 
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seeding on the germination and growth of wheat, oats, corn, 
barley, alfalfa, peas, beets, beans, and sorghum. 
4. Between 1 and 8 inches the depth of sowing seEmed to 
have little effect on the germination or sprouting of most kinds 
of seeds, but the highest germination usually occurred from 3 to 
5 inches deep, especially for the seeds most affected by depth of 
sowing. 
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Fig. 12. Graph showing the greatest average height of plants above 
ground with various soil moistures when planted at different depths. 
5. Deep seeding retarded the growth of small seeds and those 
having poor germinating power more than it did the growth of 
larger seeds. 
6. The plants usually grew faster when the seeds were sown 
from 1 to 2 inches deep. This rapid growth was especially 
noticed with the roots, and is no doubt one of the primary reasons 
for a larger yield from shallow seedings. 
7. In general the height of the .plants above the soil decreased 
as the depth of seeding increased. The largest growth of the 
plants above ground never occurred from seeds sown deeper than 
3 inches. Small seeds sown below 3 inches failed to reach the 
surface in 20 days. 
/ 
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